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Background: Gaze direction provides important information about social attention, and people tend to reflexively
orient in the direction others are gazing. Perceiving the gaze of others relies on the integration of multiple social
cues, which include perceptual information related to the eyes, gaze direction, head position, and body orientation
of others. Autism spectrum conditions (ASC) are characterised by social and emotional deficits, including atypical
gaze behaviour. The social-emotional deficits may emerge from a reliance on perceptual information involving
details and features, at the expense of more holistic processing, which includes the integration of features. While
people with ASC are often able to physically compute gaze direction and show intact reflexive orienting to others’
gaze, they show deficits in reading mental states from the eyes.
Methods: The present study recruited 23 adult males with a diagnosis of ASC and 23 adult males without ASC as a
control group. They were tested using a spatial cuing paradigm involving head and body cues in a photograph of
a person followed by a laterally presented target. The task manipulated the orientation of head with respect to
body orientation to test subsequent shifts of attention in observers.
Results: The results replicated previous findings showing facilitated shifts of attention by the healthy control
participants toward laterally presented targets cued by a congruently rotated head combined with a front view
of a body. In contrast, the ASC group showed facilitated orienting to targets when both the head and body
were rotated towards the target.
Conclusions: The findings reveal atypical integration of social cues in ASC for orienting of attention. This is
suggested to reflect abnormalities in cognitive and neural mechanisms specialized for processing of social cues
for attention orienting in ASC.
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People generally look in the direction of items that inter-
est them, so following the gaze direction of others helps
to reveal their current focus of attention. Therefore, per-
ception of gaze is important for inferring other people’s
mental states, such as their interests, goals, or desires
[1]. The ability to correctly perceive gaze direction not
only plays a role in social interactions, but also in the
development of language, theory of mind (ToM), and
empathy [2-6].* Correspondence: c.ashwin@bath.ac.uk
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unless otherwise stated.Gaze direction is a powerful social signal, and it rap-
idly and reflexively orients observers’ spatial attention in
the direction of another’s gaze. This effect has been
demonstrated using Posner-like attentional cuing experi-
ments, where a face is first displayed in the centre of the
screen and is immediately followed by a target on one
side of the screen or the other. A number of cuing ex-
periments have shown faster reaction times to targets
when the gaze of the face is directed laterally towards
the target, compared to when the facial gaze is directed
straight ahead or to the opposite side of the target
[7-10]. The fact that this occurs very fast (<200 ms) and
when gaze direction is not even predictive of target loca-
tion suggests the gaze cuing effect is reflexive, automatic
and impossible to suppress [8,10,11].. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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people are looking, determining the attention of others
often requires the integration of many different social
cues. This includes information about gaze direction, head
orientation, body posture, and pointing gestures [5,12,13].
Each of these signals about social orienting may have mu-
tual effects on our perception of gaze direction. This was
illustrated by Langton and Bruce [14], who used a Stroop-
like interference paradigm, with head and gaze cues that
were in conflict with each other in some conditions. The
findings showed symmetrical interference effects by both
head and gaze cues on each other, suggesting these com-
ponents are mutually influential in determining the direc-
tion of others’ attention. A study by Bayliss and colleagues
[15] used facial displays with eyes where the faces were
sometimes rotated by 90 degrees clockwise or counter-
clockwise (that is, sideways), such that in these displays
the eyes were actually gazing up or down. They found that
the rotated faces still produced shifts of observer’s at-
tention to targets appearing on the left or the right of
the display. Importantly, the attention shifts occurred
towards the direction that the eyes would have signalled
if the head orientation had been in the normal upright
position. This finding shows that when people orient at-
tention based on social cues, gaze direction is referenced
to head-orientation.
Information from the eyes alone is not always enough
to work out where people are directing their attention.
Instead, the relations between different visual cues help
to determine the attention of others. For example, when
the head is presented in a half-profile with a compatible
gaze direction, a typical cuing effect is not observed [9].
Instead, the same gaze direction combined with the head
direction facing straight ahead results in speeded re-
sponses to targets congruently cued by the gaze direc-
tion. The explanation for this effect is that perceiving a
head and gaze oriented laterally to the side gives the im-
pression of a person merely facing that direction, with-
out any special intention to direct his or her attention in
that direction. However, a forward-directed face com-
bined with averted gaze clearly signifies that something
of interest to the side has caught that person’s attention.
To make this type of inference about the attention of
others requires integrating information from different
social cues signalling the gaze direction of others.
A similar effect was illustrated by Hietanen [16] in a
study investigating how people integrate information
from head/gaze cues together with body orientation to
facilitate shifts of attention to the gaze direction of
others. He showed participants cue stimuli containing a
person with different head and body orientations. The
social cue was followed by a target that was either con-
gruent or incongruent with the gaze direction signalled
by the person in the cue. Participants were faster todetect a target preceded by a person whose head/gaze
was averted laterally towards the target, alongside a body
position facing straight ahead towards the observer (see
Figure 1c) compared to a cue containing a person with
both head and body orientation facing straight ahead, to-
wards the participant (see Figure 1a). Importantly, ob-
servers also did not show a social orienting effect when
targets were preceded by a person whose head and body
were both averted towards the target (see Figure 1b).
Therefore, perceiving someone with a body facing you
along with a head position averted to the side suggests
there is something of interest to the side that has
grabbed their attention. These findings by Hietanen [16]
illustrate that component parts for determining the
focus of others’ attention are processed with reference to
each other, instead of each having independent effects. A
lack of integration between social cues would have been
expected to produce even faster social orienting effects
for the condition with a cue containing both head and
body orientation facing laterally, as both cues were di-
rected towards the target. However, this was not the
case, showing that people typically integrate visual com-
ponent cues for gaze direction to infer the social interest
of others. This model for the integration of bodily cues
in orienting of attention in directions signalled by others
has also been supported by evidence from studies using
experimental paradigms other than the Posner-type at-
tention orienting paradigm (that is, a Simon task) [17].
The findings are consistent with various lines of
neuroscience research suggesting that social cues about the
attention of others are subserved by different neural mech-
anisms. For example, Perrett and colleagues [13,18,19]
used single-cell recordings in monkeys and showed dif-
ferent neurons in the STS region selectively code for
gaze direction, head orientation and body posture,
while still other neurons responded to combinations of
eye, head, and body orientation. Consistent with these
findings, when the STS region is damaged in monkeys,
it produces deficits in making gaze direction judgments,
while still leaving other judgments about faces intact
[20]. Humans who have acquired damage to the STS
region show similar difficulties in making judgments
about eye direction [20-23]. Neuroimaging studies have
reported separate neural populations coding for point-
ing fingers [24], for perceiving direct versus averted
gaze [25-27], and for coding left versus right oriented
gaze directions [28,29]. There is also a network of brain
areas specialised for the visual perception of the body,
and this network is different from that involved in per-
ceiving facial information [30]. However, questions re-
main about how these neural regions that code the
various visual components relevant for determining the
attention of others interact with each other to facilitate
social orienting. Clues to these questions may be obtained
Figure 1 Examples of the stimuli used in the task. The examples include: (a) a front view of the body and the head, (b) both the body and
the head oriented 40 degrees laterally, and (c) front view of the body with the head oriented 40 degrees laterally.
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ing social disability, such as autism.
High-functioning autism (HFA) and Asperger Syndrome
(AS) are autism spectrum conditions (ASC) characterised
by difficulties in social and communication functioning
alongside repetitive behaviour and restricted interests [31].
Among the main features of these conditions are deficits
in understanding others, particularly inferring mental and
emotional states [2,32]. Atypical gaze is common in people
with ASC [31,33,34], and lack of gaze following is one of
the earliest observable behaviours in ASC [35,36]. People
with ASC show deficits in gaze following [37-39], joint at-
tention [4,40,41], mutual gaze [42,43], and they make less
eye contact in social situations [44]. While typical controls
show expertise for detecting the gaze direction of others
using a heuristic involving a dark pupil/iris within a white
sclera [45], people with ASC show reduced expertise for
the perception of gaze direction, particularly in conditions
when eye information is more ambiguous [46].
The difficulties with gaze are thought to be central in
the ontogeny of the ToM deficits that characterise those
with ASC, as they fail to use gaze direction to infer
another’s goals, desires, or points of interest [2,43,47].
People with ASC show deficits in the ability to read
mental and emotional states from the eye regions
[47,48]. But while people with ASC have difficulties in
reading mental states from the eyes, more perceptual as-
pects of gaze direction appear to be intact. This includes
being able to work out geometrically the direction of
others’ gaze based on such aspects as their line of site
[1,37,41]. Many children with ASC show the ability to
follow the gaze of others, although this is more evident
in higher-functioning individuals [38]. Studies using at-
tentional cuing paradigms have shown intact social
orienting to the eye gaze of others in both children and
adults with ASC [49-52]. Together, these findings sug-
gest that basic perceptual mechanisms for gaze percep-
tion are intact in ASC, but they are unable to use
information from the eyes for mental state attributions
about others.
A possible explanation for intact performance on cer-
tain gaze processing tasks is that those with ASC areutilising perceptual mechanisms that focus more on the
featural processing, rather than holistic processing. This
idea is consistent with a number of cognitive models
proposing that deficits in ASC emerge from difficulties
in more holistic types of processing, alongside a greater
focus on individual features and small details [32,53-55].
In the previously described gaze cuing tasks, intact per-
formance could have emerged because people with ASC
were only focusing on the eye regions within the displays
to determine gaze direction, and not processing the
whole stimuli, or integrating information from the facial
context and display. Merely being able to follow some-
one else’s gaze does not necessarily mean taking into
account their attention or sharing their experience [38].
Attributing mental states to others is important for
gaze-cued attention shifts in adults [56,57], consistent
with evidence from infant studies showing they follow
gaze to understand what someone else is attending to
(that is, to understand their attentional mental state).
Therefore, although people with ASC might follow the
gaze direction of others, they may do so in a different
manner and utilising different cognitive and neural
mechanisms compared to controls. Neuroimaging stud-
ies investigating gaze direction processing in ASC have
reported that STS activity does not show the same
modulation across conditions as seen in controls, sug-
gesting STS activity is not modulated in response to dif-
ferent social meanings attributed to gaze directions in
ASC [58-60]. Since the STS contains neural populations
specialised for processing different social cues relevant
to understanding the gaze direction of others, a lack of
modulated STS activity may reflect atypical recruitment
of these specialised regions when determining the gaze
direction of others in ASC.
The present study investigated the integration of social
cues that produce spatial orienting of attention towards
lateral targets in ASC. We utilised the same social cue
stimuli from a previous study investigating the integra-
tion of information derived from both head and body
cues for inferring about the attention of others [16]. We
investigated cuing effects for both groups with three key
conditions of interest: (1) a condition with the social cue
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directed laterally congruent with the target, (2) a condi-
tion with the person having her body facing straight
ahead alongside the head/gaze directed laterally towards
the target, and (3) a neutral reference condition where
the social cue contained a person with both her body
and head facing straight ahead towards the participant.
The responses latencies to conditions 1 and 2 will be
compared to the neutral condition to investigate atten-
tion orienting by different combinations of head-body
cues and, more importantly, to investigate whether at-
tention orienting is cued differently by these head-body
cues in individuals with and without ASC.
We expected the control group to show facilitated
orienting of attention to combinations of head and body
cues inferring someone looking towards something of
interest to the side. More specifically, we hypothesised
controls would show faster RT’s when the body of the
person in the display was facing straight ahead alongside
head/gaze direction oriented laterally towards the target
in comparison to the neutral reference condition and
the condition containing a person whose head and body
were both averted towards the target. If people with ASC
are able to accurately integrate information about atten-
tion direction from multiple social cues, then we expect
to see results comparable to controls. Alternatively, if
those with ASC are unable to accurately integrate infor-
mation from different sources about the focus of others’
attention, then we expect to see either a lack of social




We recruited 23 adult male participants with ASC (2HFA/
21AS: mean age ± standard deviation, 33.9 ± 10.8; Full-
Scale IQ, 123.5 ± 13.9) to take part in the research. All
participants with ASC had a diagnosis of HFA or AS ac-
cording to internationally accepted criteria [31,61] and had
been diagnosed in recognized specialist clinics by a psych-
iatrist, clinical psychologist, or related medical professional
(for example, paediatrician, neurologist). Participants had
registered to take part in research through the website of
our research centre (www.autismresearchcentre.com)
and completed the Autism Spectrum Quotient (AQ) as
a measure of autistic traits [62]. The AQ is a 50-item
forced choice self-report questionnaire asking about be-
haviours associated with autism. Each question has four
response choices and the participant must choose one.
The choices include ‘Definitely agree’, ‘Slightly agree’,
‘Slightly disagree’ and ‘Definitely disagree’. The ques-
tions are worded so that approximately half of them
elicit an ‘agree’ response from controls, and half elicit a
‘disagree’ response. Each question is scored one point ifit is answered either slightly or definitely towards how
a high-functioning person with AS would answer. An
example question is ‘I tend to have very strong interests
which I get upset about if I can’t pursue’, which would
score 1 if a participant chose either slightly agree or
definitely agree. The range of scores is from 0 to 50,
with higher scores indicating a greater degree of traits
typical of ASC. Previous research has reported mean
AQ scores of 35.8 for people with ASC and 16.4 for
controls [62].
We also recruited 23 typical adult males as control
participants (mean age ± standard deviation, 31.5 ± 11.5;
Full-Scale IQ, 121.4 ± 14.3), who had no history of any
psychiatric condition and who were recruited from the
community. The groups were matched on handedness.
All participants completed a measure of intelligence [63]
and had normal or adjusted to normal vision. Everyone
who took part gave written informed consent, and the
study was approved by the Cambridge Psychology Re-
search Ethics Committee. The research was carried out
in compliance with the Helsinki Declaration.
Stimuli
The stimuli were images of a female model displaying a
neutral expression and with her head and part of her
upper body visible, taken from Hietanen [16]). She was
photographed with her gaze direction congruent with
her head orientation, so that gaze and head direction
were always correlated with each other. Five different
pictures were used: a front view of the head and body
oriented straight to the camera (see Figure 1a); a front
view of the body but with the head oriented 40 degrees
to the left and right (see Figure 1c); and the head and
body both oriented 40 degrees from the front view to
the left and right (see Figure 1b).
The grayscale stimuli were presented on a 20-inch
computer monitor with a resolution of 1024 × 768 pixels.
The height of the stimuli was 9.5 cm on the screen. The
target was an asterisk measuring 0.5 cm on the screen.
As the participants were seated approximately 57 cm
from the computer screen, the stimulus and asterisk
measured 9.5 and 0.5 degrees of visual angle, respect-
ively. The stimulus presentation and data collection were
controlled by DMDX [64] running on an Inspiron laptop
PC and connected to the monitor. A response box was
used to collect responses, and was specially constructed
to be compatible with the computer and DMDX.
Procedure
Participants were seated comfortably in a quiet and dimly
lit testing room, with the computer screen situated at eye
level. Each trial of the experiment began with a fixation-
cross shown for 750 ms, followed immediately by one of
the head-body stimuli displayed on the screen for 50 ms.
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pictures, which was approximately in the middle of the
chin in the front view picture, and at the same height
but in the chin/neck area in the profile pictures. After
the presentation of the stimulus picture, the target
appeared 5.6 cm to either the left or right side of the
fixation point until the response was executed. The
stimulus onset asynchrony (SOA), which was the time
between the onsets of the head-body stimulus and the
reaction signal, was jittered between 150 and 250 ms to
avoid repetitive presentation and responding. Since these
times were not of interest to the present study and be-
cause no differences were found in the cuing effect
among the SOA’s in previous research [16], we did not
include time as a factor in the analyses. Following the
participant’s response, a blank screen appeared for
1000 ms, after which the next trial began.
Participants placed the index finger of their dominant
hand on the button of a response box and were ins-
tructed to press the button as soon as possible after de-
tecting the target. They were told the orientation of
the head and the body in the pictures did not predict the
side where the target would appear. By combining the cue
stimuli with the two target locations (left and right), the
directional congruency between the different types of cues
and reaction signals was varied. This produced five differ-
ent stimulus conditions:
1. the body straight/head straight condition included a
front view of the head and body followed by a target
appearing either to the left or the right of the cue,
that is,, the neutral condition;
2. the body congruent/head congruent condition
involved the head and body both oriented 40
degrees to the left or the right followed by a
target appearing on the same side the head and
body were oriented towards;
3. the body incongruent/head incongruent condition
involved the head and body both oriented 40 degrees
to the left or right followed by a target on the opposite
side the head and body were oriented towards;
4. the body straight/head congruent condition included
a front view of the body along with the head oriented
40 degrees to the left or right, followed by a target
appearing on the same side the head was oriented
towards;
5. the body straight/head incongruent condition
included a front view of the body with the head
oriented 40 degrees to the left or right followed by a
target appearing on the opposite side the head was
oriented towards.
Different stimulus conditions were presented equiprob-
ably in a random order. There were 200 test trials in theexperiment, with 40 trials per condition. In order to dis-
courage anticipatory responses, 20 ‘catch’ trials were
added. On these trials, no reaction signals were presented,
and the subjects were instructed not to press the response
button. This created a total number of 220 trials, which
were presented in two blocks separated by a short resting
period. Each block took approximately 4 to 4 1/2 minutes
to complete. Prior to the experimental trials, all partici-
pants were trained on the task by completing 15 practice
trials and 3 catch trials.
Results
Response times below 100 ms and above 1,000 ms were
removed from the data, and accounted for <2% of the
data. The means and standard deviations (SD) for all con-
ditions are presented in Table 1. There were no significant
differences between the groups for age, t(44) = 0.74,
P = .463, or for full-scale IQ, t(44) = 0.50, P = .620. The
AQ scores for the sample with ASC (N = 23, mean AQ
score = 38.9, SD = 5.6, 91.3% scoring 32+) were very simi-
lar to those observed in previous studies (N = 58, mean
AQ score = 35.8, SD = 6.5, 80% scoring 32+; [62]).
A general linear model ANOVA with repeated mea-
sures was performed on the mean response latencies to
detect a target with Condition (see 5 conditions above)
as the within-subject factor and Group (Controls versus
ASC) as the between-subject factor. Post hoc t-tests
with Bonferroni corrections were done where appro-
priate. The results revealed a main effect of Condition,
F(4, 41) = 3.08, P = .026. However, with Bonferroni cor-
rections (p value of .05/10 = .005) none of the compari-
sons reached significance (all P’s > .005), although there
was a trend towards significance for the body straight/
head congruent condition (Mean = 316.2; SD = 48.1) to
be faster than the body straight/head straight condition
(Mean = 321.6; SD = 47.0), t(45) = 2.79, P = .008. There
was no main effect of Group, F(1, 44) = 2.24, P = .142.
Importantly, there was also an interaction between
Condition and Group, F(4, 41) = 4.33, P = .007. Planned
comparisons were carried out using within-subject paired-
samples t-tests between the three conditions of interest
(body straight/head congruent versus body straight/head
straight versus body congruent/head congruent). For the
control group, the response latencies for the body straight/
head congruent condition were significantly faster than the
body straight/head straight, t(22) = 2.89, P = .008, and the
body congruent/head congruent condition, t(22) = 2.69,
P = .013 (see Figure 2). There was no significant differ-
ence between the body straight/head straight and the
body congruent/head congruent conditions, t(22) = 1.05,
P = .307.
For the ASC group, response latencies for the body
congruent/head congruent were significantly faster than
both the body straight/head straight condition, t(22) = 2.91,
Table 1 Mean scores (SD) for the group characteristics and experimental conditions across both groups
Group Group characteristic Experimental condition
Age FSIQ AQ BS/HS BS/HC BC/HC BS/HI BI/HI
ASC 33.9 (10.8) 123.5 (13.9) 38.9 (5.6) 331.6 (40.3) 330.8 (40.9) 324.3 (44.2) 329.2 (41.5) 329.8 (41.0)
Control 31.5 (11.5) 121.4 (14.3) na 311.6 (52.6) 301.8 (51.4) 308.9 (53.9) 309.8 (52.6) 310.7 (53.4)
BS/HS, body straight/head straight; BS/HC, body straight/head congruent; BC/HC, body congruent/head congruent; BS/HI, body straight/head incongruent; BI/HI,
body incongruent/head incongruent.
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tion, t(22) = 2.44, P = .023 (see Figure 2). There was no
significant difference between the body straight/head
straight and the body straight/head congruent condi-
tions, t(22) = 0.71, P = .481.
Unplanned comparisons were also carried out between
all other conditions within each group with Bonferroni
corrections (P value of .05/7 = .007). Results showed that
for the control group the body straight/head congruent
condition was faster than both the body straight/head
incongruent condition, t(22) = 3.21, P = .004, and the body
incongruent/head incongruent condition, t(22) = 4.11,
P = .000. There were no other significant differences
between any of the conditions for either the control or
ASC group (all P’s > .007). Error rates and missed trials
for the experiment were very low (<5% overall), and did
not differ between the groups for either the experimental
or catch trials (P > .05 for both).
Discussion
Consistent with previous research [16,17], the controls
showed reflexive shifts of attention to the combinationFigure 2 Mean response latencies (ms) in the three experimental
conditions of interest for the autism spectrum condition (ASC)
and control groups. Error bars represent standard error of the mean. In
the legend, BS/HS refers to the body straight/head straight condition;
BC/HC refers to the body congruent/head congruent condition; and
BS/HC refers to the body straight/head congruent condition.of a body position oriented straight ahead towards the
observer alongside head/gaze direction averted laterally
towards a target, compared to when both the body and
head orientation were both directed straight ahead. The
time-course of the task with a very short SOA suggests
the mechanisms involved reflexive orienting of attention
[8]. The attentional orienting effect produced by social
cues having an averted head/gaze along with a body fa-
cing straight ahead suggests the control group inter-
preted the mental state of that person. More specifically,
they may have inferred that person oriented their atten-
tion towards something of interest to the side, which
shifted their attention in the same direction as that per-
sons gaze. The condition with the person in the cue hav-
ing both their head/gaze direction and body orientation
averted towards the target did not facilitate attention
orienting for the control group. The controls may have
inferred that the person in that condition was merely ro-
tated in that orientation, and not likely attending to
something of interest. This is consistent with previous
experimental studies showing that attributing mental
states to others facilitates gaze-cued attention orienting
[56,57]. In those studies, different mental state attribu-
tions made by the observers determined whether or not
they oriented their attention to follow the gaze of others.
From results such as these it has been proposed that
gaze-following involves two separate but parallel mecha-
nisms; one mechanism that relies on perceptual stimulus-
driven properties about determining gaze direction, and
another that utilises the attribution of underlying mental
states [9,56]. These mechanisms are similar to the mechan-
istic and mentalistic modes of perceiving the gaze direction
of others [7,65-67]. Results from the present study suggest
the control group mainly utilised the mentalising mechan-
ism during gaze-following.
The ASC group did shift their attention in the direc-
tion of another person, but it was based on an atypical
combination of head/gaze and body cues of another per-
son compared to the control group. They did not have
speeded responses when the combination of visual sig-
nals suggested another person was attending laterally to-
wards something of interest, compared to the neutral
condition. Instead, the ASC group showed facilitated
shifts of attention when the social direction cues from
the head and body were both oriented laterally towards
the target location. The group differences were not
Ashwin et al. Molecular Autism 2015, 6:5 Page 7 of 10
http://www.molecularautism.com/content/6/1/5attributable to general deficits in attention orienting
by social cues in ASC, as there was no group differ-
ence overall in the task.
The results of atypical integration of social cues in the
ASC group suggest they may have been relying more on
the mechanistic mode when perceiving cues about the
gaze direction of others, rather than relying on mentalis-
tic mechanisms. This interpretation of the results in
terms of reduced use of mentalising mechanisms is con-
sistent with studies showing reduced use of gaze direc-
tion information for inferring the intentions of others in
ASC. For example, in the ‘smarties task’ [68], a picture
of someone surrounded by four types of candy is shown
and participants are asked which candy the person
wants. While control children say the person in the pic-
ture wants the candy they are looking towards, children
with ASC respond with random choices or choose the
candy they prefer. A study investigating the prediction
of actions from perceiving the gaze direction of actors
revealed that people with ASC had similar performance
in action anticipation across both social and non-social
conditions, while the anticipations of controls were in-
fluenced only in the social condition [65]. This result
was interpreted as showing those with ASC were utilis-
ing an atypical strategy for attributing intentions to gaze
direction, based on lower-level and non-social features.
This result would be consistent with the ASC group uti-
lising the mechanistic mode of perceiving the gaze direc-
tion of others [7,65-67].
The atypical integration of social cues to shift atten-
tion to the gaze direction of another person by the ASC
group in the present study may have emerged from
using a greater reliance on mechanistic properties about
gaze direction. This could have involved either atypical
processing of social cues or from perceiving non-social
elements within the social stimuli. Those with ASC
could have been focusing on only one individual feature
of the social cues during the task. The condition where
the ASC group showed a facilitated response compared
to the neutral condition was the only condition where
body orientation was directed towards the target. So if
they focused only on body orientation during the task,
this could potentially have produced the results. This
explanation would be consistent with psychological
theories of ASC about enhanced perception of fea-
tures and details at the expense of more holistic process-
ing [32,53-55]. For example, people with ASC show
strengths in tasks where they are required to perceive
shapes in terms of their features, such as the embedded
features task [69,70] and the block design [71]. An eye-
tracking study using scenes of social interactions reported
that children with ASC spontaneously focused more atten-
tion on the bodies of people in the scenes than controls,
and less focus was paid to facial features [72]. Therefore,the atypical integration of social cues by the ASC group in
the present study may have emerged from using a differ-
ent viewing strategy to controls, where they focused solely
on one individual feature of the social cue to facilitate
shifts of attention.
Alternatively, the ASC group may have been respond-
ing to non-social aspects of the stimuli when perceiving
the direction of gaze. Some have suggested those with
ASC use ‘directional properties’ or transient motion sig-
nals, rather than gaze cues [73]. If they were focusing
mainly on the body orientation during the experiment,
they may have utilised directional cues signified by the
direction the body was facing. This could have involved
a number of possible low-level visual differences be-
tween the stimuli across conditions, such as shading,
line orientation, or small visual details. Previous social
orienting studies have shown that non-social stimuli
might have similar abilities to facilitate shifts of attention
as eyes in people with ASC [51,74]. This explanation of
the results would still represent atypical integration of
social cues for shifting attention, although it would in-
volve those with ASC focusing on non-social visual fea-
tures of the stimuli.
The present findings are consistent with neuroimaging
research in ASC reporting atypical STS activity across
different gaze direction processing conditions [58-60].
There are neurons within the STS region that code for
different visual cues, such as gaze directions, head orien-
tations, and body positions [13,19,75]. Studies have re-
ported that STS activity in control groups is normally
modulated based on social meanings attributed to eye
gaze direction across conditions, with greater STS activ-
ity when conditions require greater attribution of inten-
tions or social significance. This modulation in activity
of the STS region across conditions involving different
gaze direction attributions is reported to be either absent
in ASC [59,60], or the pattern of STS activity is reversed
such that greater activity is seen to non-social cues and
reduced to gaze cues [58]. These differences in brain ac-
tivity occur despite similar behavioural performance be-
tween the groups during the tasks. The neuroimaging
results show that the neural mechanisms for processing
gaze direction are being utilised differently in ASC, with
reduced STS activation when social meaning is attributed
to gaze direction [58,59]. Therefore, the STS may be less
sensitive to the social meaning of eye gaze in ASC [59,60],
and the functional specialisation of subregions within the
STS may be disrupted or less effective [61].
A limitation of the present study is that we did not
include children, females, or lower functioning partici-
pants with ASC, so the findings may not generalise
across the autism spectrum. However, we find it interest-
ing that even though our participants were all high-
functioning adults, they still displayed atypical social
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perimental task. Some have suggested that people with
ASC who are older and more intelligent may show nor-
mal performance on lab tests of social functioning,
including judgments of gaze direction [73]. This was not
the case in the present study, suggesting that atypical so-
cial processing of the gaze direction of others may be a
central feature of ASC. However, research in children at
low and high risk of developing ASC has reported that
poor gaze following may not specifically predict later
diagnosis of ASC [76]. In addition, differences in non-
social attention processes may be early features of ASC
[77,78]. The present study did not include a non-social
condition in the task in order to test whether the results
are specific to the processing of social information or
whether they may reflect more general attentional differ-
ences. Further research with this paradigm is warranted
in a wider group of participants across the autism
spectrum and should include non-social conditions. No
differences were found for response latencies to the in-
congruent conditions compared to the neutral condition,
which may not have been expected. However, this pat-
tern of results is considered typical for reflexive atten-
tion orienting by uninformative peripheral cues [79].
This pattern has also been reported previously in several
studies using gaze direction cues [8,80], and also in a
previous study using the same stimuli as the present
study [16]. The present experiment did not include a
condition with the social cue having a body facing lat-
erally towards the target and the head oriented straight
ahead towards the participant, which would have directly
tested whether people with ASC were focusing solely on
the body orientation to shift their attention to the head/
gaze direction of others.
Conclusions
The results of the present study show atypical orienting
to the attention of others in ASC. Findings suggest a re-
liance on the perception of visual components about dir-
ection of others’ attention, and impaired integration of
social cue information to infer that people have turned
their attention towards a target, rather than simply look-
ing in some direction. These results are consistent with
neuroimaging studies showing atypical modulation of
the STS across conditions.
Abbreviations
AQ: Autism-Spectrum Quotient; AS: Asperger syndrome; ASC: autism
spectrum conditions; HFA: high-functioning autism; SOA: stimulus onset
asynchrony; ToM: Theory of mind.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CA helped conceive the study, carried out data collection and statistical
analyses, interpreted the data, and drafted the manuscript. JH designed thestudy, interpreted the data and helped revise the manuscript. SBC provided
input on the conception and design of the study and helped revise the
manuscript for important intellectual content. All authors read and approved
the final manuscript.Acknowledgements
C.A. and S.B-C. were supported by the National Alliance for Autism Research
(NAAR, now called Autism Speaks), the MRC, the Wellcome Trust, and the
Autism Research Trust, during the period of this work. J.K.H. was supported
by the Academy of Finland (projects #131786 and #266187). We are grateful
to the volunteers who participated in the research, particularly those with
ASC, for their generous cooperation. This work was carried out in association
with the NIHR CLAHRC for Cambridgeshire and Peterborough NHS Foundation
Trust. Written informed consent was obtained from the participants for
publication of their individual details and accompanying images in this
manuscript. The consent form is held by the authors and is available for
review by the Editor-in-Chief. We are grateful to Bhisma Chakrabarti and
Sally Wheelwright for valuable discussions.
Author details
1Department of Psychiatry, Autism Research Centre, University of Cambridge,
Douglas House, 18b Trumpington Rd, Cambridge CB2 8AH, UK. 2Department
of Psychology, University of Bath, Claverton Down, Bath BA2 7AY, UK.
3Human Information Processing Laboratory, School of Social Sciences and
Humanities/Psychology, University of Tampere, FI-33014 Tampere, Finland.
4Cambridgeshire and Peterborough NHS Foundation Trust, CLASS Clinic,
Fulbourn Hospital, Cambridge CB21 5EF, UK.
Received: 1 July 2014 Accepted: 2 January 2015
Published: 26 January 2015References
1. Baron-Cohen S, Cross P. Reading the eyes: evidence for the role of
perception in the development of a theory of mind. Mind Lang.
1992;6:173–86.
2. Baron-Cohen S. Mindblindness: an essay on autism and theory of mind.
Boston: MIT Press/Bradford Books; 1995.
3. Brooks R, Meltzoff AN. The development of gaze following and its relation
to language. Dev Sci. 2005;8:535–43.
4. Charman T, Baron-Cohen S, Swettenham J, Baird G, Cox A, Drew A. Testing
joint attention, imitation, and play as infancy precursors to language and
theory of mind. Cog Dev. 2001;4:481–98.
5. Emery NJ. The eyes have it: the neuroethology, function and evolution of
social gaze. Neurosci Biobehav Rev. 2000;24:581–604.
6. Moore C, Dunham PJ. Joint attention: its origin and role in development.
Hillsdale: Lawrence Erlbaum; 1995.
7. Driver J, Davis G, Ricciardelli P, Kidd P, Maxwell E, Baron-Cohen S. Gaze
perception triggers reflexive visuospatial orienting. Vis Cog. 1999;6:509–40.
8. Friesen CK, Kingstone A. The eyes have it! Reflexive orienting is triggered by
nonpredictive gaze. Psychon Bull Rev. 1998;5:490–5.
9. Hietanen JK. Does your gaze direction and head orientation shift my visual
attention? Neuroreport. 1999;10:3443–7.
10. Langton SRH, Bruce V. Reflexive visual orienting in response to the social
attention of others. Vis Cog. 1999;6:541–67.
11. Downing P, Dodds CM, Bray D. Why does the gaze of others direct visual
attention? Vis Cog. 2004;11:71–9.
12. Langton SRH, Watt RJ, Bruce V. Do the eyes have it? Cues to the direction
of social attention. Trends Cogn Sci. 2000;4:50–9.
13. Perrett DI, Hietanen JK, Oram MW, Benson PJ. Organization and functions of
cells responsive to faces in the temporal cortex. Philos Trans R Soc Lond B
Biol Sci. 1992;335:23–30.
14. Langton SRH, Bruce V. You must see the point: automatic processing of
cues to the direction of social attention. J Exp Psychol Hum Percept
Perform. 2000;26:747–57.
15. Bayliss AP, di Pellegrino G, Tipper SP. Orienting of attention via observed
eye gaze is head-centred. Cognition. 2004;94:B1–10.
16. Hietanen JK. Social attention orienting integrates visual information from
head and body orientation. Psychol Res. 2002;66:174–9.
17. Pomianowska I, Germeys F, Verfaillie K, Newell FN. The role of social cues in
the deployment of spatial attention: head-body relationships automatically
Ashwin et al. Molecular Autism 2015, 6:5 Page 9 of 10
http://www.molecularautism.com/content/6/1/5activate directional spatial codes in a Simon task. Front Integr Neurosci.
2012;6:article 4. doi:10.3389/fnint.2012.00004.
18. Perrett DI, Smith PAJ, Potter DD, Mistlin AJ, Head AS, Milner AD, et al. Visual
cells in the temporal cortex sensitive to face view and gaze direction. Proc
R Soc Lond B Biol Sci. 1985;223:293–317.
19. Perrett DI, Harries MH, Mistlin AJ, Hietanen JK, Benson PJ, Bevan R, et al.
Social signals analyzed at the cell level: someone is looking at me, something
touched me, something moved! Int J Comp Psychol. 1990;4:25–54.
20. Heywood CA, Cowey A. The role of the “face-cell” area in the discrimination
and recognition of faces by monkeys. Philos Trans R Soc Lond B Biol Sci.
1992;335:31–8.
21. Akiyama T, Kato M, Muramatsu T, Saito F, Umeda S, Kashima H. Gaze but
not arrows: a dissociative impairment after right superior temporal gyrus
damage. Neuropsychologia. 2006;44:1804–10.
22. Akiyama T, Kato M, Muramatsu T, Saito F, Nakachi R, Kashima H. A deficit in
discriminating gaze direction in a case with right superior temporal gyrus
lesion. Neuropsychologia. 2006;44:161–70.
23. Campbell R, Heywood CA, Cowey A, Regard M, Landis T. Sensitivity to eye
gaze in prosopagnosic patients and monkeys with superior temporal sulcus
ablation. Neuropsychologia. 1990;28:1123–42.
24. Materna S, Dicke PW, Thier P. The posterior superior temporal sulcus is
involved in social communication not specific for the eyes.
Neuropsychologia. 2008;46:2759–65.
25. Calder AJ, Lawrence D, Keane J, Scott SK, Owen AI, Christoffels I, et al.
Reading the mind from eye gaze. Neuropsychologia. 2002;40:1129–38.
26. Kawashima R, Sugiura M, Kato T, Nakamura A, Hatano K, Ito K, et al. The
human amygdala plays an important role in gaze monitoring: A PET study.
Brain. 1999;122:779–83.
27. Wicker B, Michel F, Henaff MA, Decety J. Brain regions involved in the
perception of gaze: a PET study. Neuroimage. 1998;8:221–7.
28. Calder AJ, Beaver JD, Winston JS, Dolan RJ, Jenkins R, Eger E, et al. Separate
coding of different gaze directions in the superior temporal sulcus and
inferior parietal lobule. Curr Biol. 2007;17:20–5.
29. Calder AJ, Jenkins R, Cassel A, Clifford CWG. Visual representation of eye
gaze is coded by a non-opponent multichannel system. J Exp Psychol Gen.
2008;137:244–61.
30. Downing PE, Peelen MV. The occipitotemporal body-selective regions in
person perception. Cogn Neurosci. 2011;2:186–203.
31. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders-text revision (DSM-IV-TR). 4th ed. Washington: American
Psychiatric Association; 2000.
32. Baron-Cohen S. The Essential Difference: Men, Women and the Extreme
Male Brain. London: Penguin; 2003.
33. Asperger H. Die ‘Autistischen Psychopathen’ im Kindesalter. Arch Psychiatr
Nervenkr. 1944;117:76–136.
34. Kanner L. Autistic disturbances of affective contact. Nerv Child.
1943;2:217–50.
35. Baird G, Charman T, Baron-Cohen S, Cox A, Swettenham J, Wheelwright S,
et al. A screening instrument for autism at 18 months of age: A 6-year
follow-up study. J Am Acad Child Adolesc Psychiatry. 2000;39:694–702.
36. Baron-Cohen S, Campbell R, Karmiloff-Smith A, Grant J, Walker J. Are
children with autism blind to the mentalistic significance of the eyes?
Dev Psychol. 1995;12:379–98.
37. Leekam S, Baron-Cohen S, Brown S, Perrett D, Milders M. Eye-direction
detection: a dissociation between geometric and joint-attention skills
in autism. Br J Dev Psychol. 1997;15:77–95.
38. Leekam SR, Hunnisett E, Moore C. Targets and cues: gaze-following in
children with autism. J Child Psychol Psychiatry. 1998;37:951–62.
39. Leekam SR, Lopez B, Moore C. Attention and joint attention in preschool
children with autism. Dev Psychol. 2000;36:261–73.
40. Mundy P. Joint attention and social–emotional approach behavior in
children with autism. Dev Psychopathol. 1995;7:63–82.
41. Baron-Cohen S. Joint attention deficits in autism: towards a cognitive
analysis. Dev Psychopathol. 1989;1:185–9.
42. Sigman M, Mundy P, Sherman T, Ungerer J. Social interactions of autistic,
mentally retarded and normal children and their caregivers. J Child Psychol
Psychiatry. 1986;27:647–55.
43. Volkmar FR, Maye LC. Gaze behavior in autism. Dev Psychopathol.
1990;2:61–9.
44. Hobson RP, Lee A. Hello and goodbye: a study of social engagement in
autism. J Autism Dev Disord. 1998;28:117–26.45. Ricciardelli P, Baylis G, Driver J. The positive and negative of human
expertise in gaze perception. Cognition. 2000;77:B1–14.
46. Ashwin C, Ricciardelli P, Baron-Cohen S. Positive and negative gaze perception
in autism spectrum conditions’. Soc Neurosci. 2009;4:153–64.
47. Baron-Cohen S, Wheelwright S, Jolliffe T. Is there a ‘language of the eyes’?
Evidence from normal adults and adults with autism or Asperger syndrome.
Vis Cogn. 1997;4:311–31.
48. Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The “reading the
mind in the eyes” test revised version: a study with normal adults, and
adults with asperger syndrome or high-functioning autism. J Child Psychol
Psychiatry. 2001;42:241–51.
49. Chawarska K, Klin A, Volkmar F. Automatic attention cuing through
eye movement in 2-year-old children with autism. Child Dev.
2003;74:1108–23.
50. Kylliäinen A, Hietanen JK. Attention orienting by another’s gaze direction in
children with autism. J Child Psychol Psychiatry. 2004;45:435–44.
51. Senju A, Tojo Y, Dairoku H, Hasegawa T. Reflexive orienting in response to
eye gaze and an arrow in children with and without autism. J Child Psychol
Psychiatry. 2004;45:445–58.
52. Swettenham J, Condie S, Campbell R, Milne E, Coleman M. Does the
perception of moving eyes trigger reflexive visual orienting in autism?
Philos Trans R Soc Lond B Biol Sci. 2003;358:325–34.
53. Baron-Cohen S. The extreme male brain theory of autism. Trends Cogn Sci.
2002;6:248–54.
54. Frith U. Autism: explaining the enigma. 2nd ed. Oxford: Blackwell; 2003.
55. Happé F. Autism: cognitive deficit or cognitive style? Trends Cogn Sci.
1999;3:216–22.
56. Teufel C, Alexis DM, Clayton NS, Davis G. Mental-state attribution
drives rapid, reflexive gaze following. Atten Percept Psychophys.
2010;72:695–705.
57. Wiese E, Wykowska A, Zwickel J, Müller HJ. I see what you mean: how
attentional selection is shaped by ascribing intentions to others. PLoS One.
2012;7:e45391.
58. Greene DJ, Colich N, Iacoboni M, Zaidel E, Bookheimer SY, Dapretto M.
Atypical neural networks for social orienting in autism spectrum disorders.
Neuroimage. 2011;156:354–62.
59. Pelphrey KA, Morris JP, McCarthy G. Neural basis of eye gaze processing
deficits in autism. Brain. 2005;128:1038–48.
60. Redcay E, Dodell-Feder D, Mavros PL, Kleiner M, Pearrow MJ, Triantafyllou C,
et al. Atypical brain activation patterns during a face-to-face joint attention
game in adults with autism spectrum disorder. Hum Brain Mapp.
2013;34:2511–23.
61. World Health Organization. ICD-10: International statistical classification of
diseases and related health problems (10th Rev. ed.). New York: World
Health Organization; 2008.
62. Baron-Cohe S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
spectrum quotient (AQ): evidence from asperger syndrome/high-functioning
autism, males and females, scientists and mathematicians. J Autism Dev Disord.
2001;31:5–17.
63. Wechsler D. Wechsler abbreviated scale of intelligence. San Antonio: The
Psychological Corporation; 1999.
64. Forster KL, Forster JC. DMDX: a windows display program with millisecond
accuracy. Behav Res Methods Instrum Comput. 2003;35:116–24.
65. Hudson M, Burnett HG, Jellema T. Anticipation of action intentions in
autism spectrum disorder. J Autism Dev Disord. 2012;42:1684–93.
66. Jellema T, Perrett DI. Coding of visible and hidden actions. In: Prinz W,
Hommel B, editors. Common mechanisms in perception and action,
attention and performance. London: Academic; 2002. p. 356–80.
67. Jellema T, Perrett DI, Jellema T, Perrett DI. Neural pathways of social
cognition. In: Dunbar RIM, Barrett L, editors. The Oxford handbook of
evolutionary psychology. Oxford: Oxford University Press; 2007.
68. Baron-Cohen S, Campbell R, Karmiloff-Smith A, Grant J, Walker J. Are children
with autism blind to the mentalistic significance of the eyes? Br J Dev Psychol.
1995;13:379–98.
69. Jolliffe T, Baron-Cohen S. Are people with autism or Asperger’s syndrome
faster than normal on the embedded figures task? J Child Psychol Psychiatry.
1997;38:527–34.
70. Shah A, Frith U. An islet of ability in autism: a research note. J Child Psychol
Psychiatry. 1983;24:613–20.
71. Shah A, Frith U. Why do autistic individuals show superior performance on
the block design task? J Child Psychol Psychiatry. 1993;34:1351–64.
Ashwin et al. Molecular Autism 2015, 6:5 Page 10 of 10
http://www.molecularautism.com/content/6/1/572. Rice K, Moriuchi JM, Jones W, Klin A. Parsing heterogeneity in autism
spectrum disorders: visual scanning of dynamic social scenes in school-
aged children. J Am Acad Child Adolesc Psychiatry. 2012;51:238–48.
73. Nation K, Penny S. Sensitivity to eye gaze in autism: is it normal? is it
automatic? is it social? Dev Psychopath. 2008;20:79–97.
74. Vlamings PHJM, Stauder JEA, van Son IAM, Mottron L. Atypical visual
orienting to gaze- and arrow-cues in adults with high functioning autism.
J Autism Dev Dis. 2005;35:267–77.
75. Jellema T, Baker CI, Wicker B, Perrett DI. Neural representation for the
perception of the intentionality of actions. Brain Cogn. 2000;44:280–302.
76. Bedford R, Pickles A, Gliga T, Elsabbagh M, Charman T, Johnson MH, et al.
Additive effects of social and non-social attention during infancy relate to
later autism spectrum disorder. Dev Sci. 2014;17:612–20.
77. Elison JT, Paterson SJ, Wolff JJ, Reznick JS, Sasson NJ, Gu H, et al. White
matter microstructure and atypical visual orienting in 7-month-olds at risk
for autism. Am J Psychiatry. 2013;70:899–908.
78. Elsabbagh M, Fernandes J, Jane Webb S, Dawson G, Charman T, Johnson MH,
et al. Disengagement of visual attentionin infancy is associated with emerging
autism in toddlerhood. Biol Psychiatry. 2013;74:189–94.
79. Posner MI. Orienting of attention. Q J Exp Psychol. 1980;32:3–25.
80. Hietanen JK, Leppänen JM. Does facial expression affect attention orienting
by gaze direction cues? J Exp Psychol Hum Percept Perform. 2003;29:1228–43.
doi:10.1186/2040-2392-6-5
Cite this article as: Ashwin et al.: Atypical integration of social cues for
orienting to gaze direction in adults with autism. Molecular Autism
2015 6:5.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
